Clemson University completed a lab using a Small Engine Diagnostics Mobile App to diagnose a previously running four-stroke small engine that was disabled by imposing a problem on the engine. The purpose of this study was to test the effectiveness of the mobile application in diagnosing a small engine with a pre-existing problem for both high and low aptitude students. The mobile app was compared with a printout of the mobile app, and an engine user manual as diagnostic tools. The process flow of the mobile app was found to be effective with significantly a higher rate of students solving the problem using the mobile app (67%) or the printed version (50%) as compared to those using the user manual (0%). Users of the app also reported a significantly increased confidence level in perceived competency and knowledge of small engines for low aptitude students as compared to other groups in the study. A higher level of satisfaction was reported from those who used the mobile app. While high aptitude students were more inclined to indicate a hands-on learning style preference; low aptitude students reported greater confidence and an increased knowledge base as a result of the hands-on activity. The mobile app in combination with a hands-on activity is an effective means of instructional delivery for small engine diagnostics and has the potential to be useful in both secondary and higher education classrooms as an innovative teaching tool.
Introduction
The increasing use of technology is changing the way in which education is delivered to accommodate a wide range of students from generation Y and generation Z, the Millennial and Internet generations. Members of these generations have grown accustomed to technology that has become a part of everyday use for those who have access to it, including but not limited to: smartphones, laptops, tablet devices, and other means of digital technology (Connors, 2011) . According to Mayberry et al. 2012 , close to 66% of participants from higher education surveyed (n=189) in 2008 indicated that technology would become influential in five years. Participants in the survey included faculty, professors, and deans, both in the United States and worldwide (New Media, 2008) . Many secondary and elementary schools have started integrating technology into the classroom to familiarize students with emerging technology (Franklin, 2007) .
Technology is increasingly becoming second nature to students; educators must be able to keep up with the pace of students in terms of technology as well as target technologies that have gained popularity among students to become more effective (Cheong, 2012) . More importantly, incorporating creative and critical thinking into a interactive educational media in a way, that can be used both in the secondary and higher education classroom is important and can have the greatest value for students (Gabriel, 2012) .
In higher education, reports on the use of mobile technology in the classroom as a method of engaging students in problem solving and learning is limited with few studies to investigate the use of mobile technology as a form of instructional delivery and active student participation in the learning process (Mayberry et al., 2012) . Mayberry et al. launched a study investigating the use of the iTouch (Apple Inc., Cupertino, Calif.) in the classroom. However, none of the courses consisted of a hands-on component learning a technical skill. Primarily the courses utilized the iTouch as a means of reviewing written or conceptual material, none of which required carrying out a hands-on activity to be learned as a new skill or concept.
Several studies integrating mobile technology into the elementary and secondary classroom have utilized mobile devices as a way to deliver lesson material or instructional content inside and outside of the classroom without a hands-on component. The studies delivered content using the mobile device in an interactive manner. Two methods were used, a simulated environment where the participant interacts using the device, and mobile gaming requiring the user to interact with the actual device (Friedel, 2012; Naismith, 2004) .
In a paper written by Melhuish and Fallon (2010) , the Ipad (Apple Inc., Cupertino, Calif.) was evaluated for its potential as a mobile learning device. Five key strengths were noted for mobile devices used as learning tools. Mobile devices are portable; they are affordable with smartphones dominating the cellular phone network, and they connect people as a social medium. Mobile devices offer two more strengths that are of the greatest value in education. These are learning opportunities that are available at any time, to anyone, anywhere (Melhuish, 2010) , and individualized experiences (Peters, 2009) . With a society that is moving at a rapid pace having everything readily available instantly from fast food to news as it happens; having educational opportunities constantly available for a student to take advantage of at their own pace adheres to the trends that which students are often accustomed in other aspects of their daily lives. Personalizing the experience by allowing the student to navigate through a learning activity at his/her own pace adds value and meaning to the learning activity, which could increase its potential to be retained long term through the gaining of new knowledge or skills.
Learning through the use of a mobile device is known as mobile learning or m-learning. M-learning is rapidly taking the place of e-learning, which utilizes electronic media and communication as a means of delivering educational information (Melhuish, 2010) . The unique opportunity offered by m-learning is that it can be a selfdriven, systematic way of navigating a learning process but most importantly; it can serve as an interactive educational medium that can be taken anywhere (Melhuish, 2010) . This is a unique method of instructional delivery that should be taken advantage of with a growing digital age that can integrate multiple strategies to target a variety of learning styles to present information. Using a mobile device in the learning process can provide a visual aid, an auditory aid if sound is present, text to read, and can serve as a means to guide a kinesthetic or hands-on activity. This method could capture the needs of a variety of students targeting different ways of learning through a single interactive medium making it a powerful learning tool.
In this study an interactive mobile application was developed that can be used on portable mobile devices such as smartphones, laptops, or tablets to teach students and guide owners of small engines through diagnostic steps for four-stroke engine problems commonly found in home lawn equipment. Once the problem is identified, the user is prompted through steps for repairing the small engine. The purpose of this study was to determine if using the mobile app increased students' perceived competency level of small engine diagnostics and if it enhanced their ability to solve an engine problem that had been set up prior to their laboratory experience. Learning styles and previous experience working with small engines was also characterized in this study for the different groups tested.
Materials and Methods
In the course Agricultural Mechanization and Business 452, Mobile Power, senior Agricultural Mechanization and Business students at Clemson University learn about the history of tractors and mechanization in agriculture, components of engines, how they function, power transfer, physical and chemical properties of internal combustion, and different fuel types as well as calculating fuel efficiencies. The final laboratory experience involves diagnosing a small engine that has been imposed with a problem impairing its ability to run. In the past, students have used a systematic step-by-step process accompanied by a diagram to diagnose one of six problems imposed on the engine. The former step-by-step process involved students navigating a diagnostic flow chart based on observations made by the student at each step, defining their next step in the process. In the spring of 2014, three diagnostic tools were used to determine if the process by which the diagnostic tool was navigated and used affected the outcome of finding the problem with the engine and the perceived level of competency gained in diagnosing small engines. Six engines were used; all were Briggs and Stratton 4 stroke spark ignition engines, model #127602, engine type 0247-E1, and code # 050425.
The diagnostic tools provided were a step by step printout of the mobile application, the mobile application running through a webpage on a Panasonic ToughBook® (Clemson, 2014) , and a hard copy of a Briggs and Stratton user manual for the engine along with a chart of specified spark plug gap measurements and an excerpt from Haynes Engine Troubleshooting guide (Choate, 1990) . The mobile application was developed as an expansion of the original flowchart used in previous years' laboratory experiences for diagnosing a small engine as seen in figure 1.
The flowchart was expanded upon for creation of the mobile app. Images were taken of each part of the engine as it was disassembled and reassembled to use as hyperlinked references in the mobile application. Hyperlinked images were also provided of the tools used to disassemble the engine. The mobile application was generated from a 200+ slide PowerPoint containing the steps in the diagnostic flow chart and accompanying images, which were linked to appropriate steps. Access to images provided references for those with little or no prior experience disassembling a small engine to become familiarized with the parts of a small engine and the tools that could potentially be necessary in the disassembly process as the diagnostic steps were navigated. The expanded flow chart consisted of additional steps grouped by the related problem under the categories; fuel, air, spark, and timing.
The mobile application is a self-guided diagnostic process where the user selects the next step based upon their indicated observations from each step in the process. The difference in the mobile application as a diagnostic tool versus the printed version was that the printed version was self-guided requiring the student to flip to the desired page, whereas the mobile application, while self-guided automatically directs the user to the next step in the process at the click of a button based on their selection. The mobile application generates a rapid response with vivid color images in a user-friendly format making it quicker and easier to navigate. A screenshot of the first few steps of the mobile app, which is available at no cost on ITunes for Apple, Google Play for Android, and at www.clemson.edu/smallengine is shown in figure 2 . Links are present in the app to learn about the mobile application, the developers, and tools that may be needed. The mobile application bookmarks where the user left off, leaving the user able to answer a call if using a personal smartphone or close out of the mobile application to open another without losing their place in the guided process of the mobile application. To test the effectiveness of the mobile application for small engine diagnostics, students enrolled in AGM 452 (n=36) were given a pre-test to assess their aptitude in diagnosing small engines. The pre-and post-surveys were modeled with permission after those used in a study examining the effectiveness of other hands-on activities (Johnson, 2007) . In the pre-survey ( fig. 3 ) students were given a set of questions to gauge their perception of their competency level with small engines, their perceived learning style, and their preference in using a diagnostic medium (digital or printed media) for several situations. Questions were given using a response bar where students placed a mark where they felt they were in relation to the two extremes of "Agree" and "Disagree". The response bar did not have any values assigned to it that were visible to the students to avoid having multiple ties. Once all responses were collected, the distance from 0-6.2 cm (printed length of response bar) was measured for each response and entered into a spreadsheet. The responses were then converted to a scale from 0-10. Students were divided into "Hi" and "Lo" aptitude based on their perceived competency level for small engine diagnostics. Students were not made aware of the aptitude classification that they were assigned. Each student was randomly assigned to a diagnostic tool of a printout of the mobile app, the mobile app, and a user manual. An equal amount of high and low aptitude students were assigned to each diagnostic tool giving 12 reps for each tool. There were equal group sizes, six replicates each, of the following combinations of aptitude and diagnostic tool; low-app, low-printout, low-manual, high-app, highprintout, and high-manual. Students in the course were enrolled in either an early or late three-hour lab section. To conduct the study, each student was randomly assigned a one hour block within their lab meeting time. Eighteen students completed the lab one week and the other half of the class completed it in the following week. Students were instructed not to share information from their experiences. Sixty minutes was allotted at the beginning of each lab day for setup to create a problem within each engine. To remain consistent, each engine was imposed with the same problem, which was undisclosed to students that were under the impression that multiple problems existed among the engines. For each engine, the flywheel key was removed and the flywheel advanced about 60 degrees to simulate a sheared flywheel key. Sheared flywheel keys can occur when the driven shaft of a piece of equipment such as a lawnmower containing a small engine hits a hard object such as large rock or root. The blade of the mower abruptly stops, while the flywheel momentum causes it to shear the flywheel key. A flywheel key is inexpensive and serves as a protective mechanism for preventing major engine components from being damaged when a machine such as a lawnmower contacts a large object that the blade and engine are not designed to handle.
To prepare for the lab experience, each engine was mounted to a tool cart with a clamp in place to hold the flywheel brake so that the student could attempt to start the engine. Six such workstations were provided; the
Pre Lab Small Engine Diagnostics Survey
Name: ____________________________ Directions: During a future lab you will use a tool to assist you in diagnosing a small engine that was not operable. I am interested in your preferences and perceptions of learning styles and of different media used in small engine diagnostics, relative to your previous levels of experience and knowledge.
For each section, respond by placing a vertical line on the response bar to the right where you feel your response lies relative to the two extremes provided. Your response may be placed anywhere along the response bar.
Please be aware that your responses will remain anonymous; your responses on this form will have no effect on your status or grade in this class.
I. Previous Knowledge
Disagree Agree 1. I was familiar with small engine diagnostics and repair prior to this class.
I have had hands-on experience with small engine diagnostics and repair prior to this class.
I was familiar with the parts of a small engine and their purpose prior to this class.
II. Perceived Learning Style
Disagree Agree
1.
Hands-on experiences increase my knowledge.
I learn by performing tasks in a systematic way.
In this section:
• "Printed Media" refers to printed step-by-step instructions, such as those found in manuals or books.
• "Digital Media" refers to digital step-by-step instructions, such as those found in mobile phone apps.
III. Diagnostic Preferences

Printed Media
Digital Media
1.
In your opinion, which medium has the greatest educational value relative to small engine diagnostics and repair?
|------------------------------------------------------------------|
Which medium would you prefer if you were navigating through a small engine diagnostics and repair process? |------------------------------------------------------------------|
Which medium do you feel would provide you with the greatest level of confidence in small engine diagnostics and repair? |------------------------------------------------------------------|
Which medium do you feel would be easiest to follow in small engine diagnostics and repair? |------------------------------------------------------------------|
Note: If you have any additional comments, please write them below.
diagnostic tools were distributed to the tool stations in two rooms in the engine teaching lab with one of each diagnostic tool in each room as seen in figure 4. Each cart was equipped identically with the necessary tools to disassemble the engine except for an impact wrench. One impact wrench was located in each room for the students to share. Tools that could possibly be necessary to diagnose the engine were placed in the bottom tray on each cart. These tools included: a spark tester, a spark plug gap measuring tool, a can of carburetor cleaner, a rubber mallet, a jar for collecting fuel from the carburetor, a grounding wire with alligator clips on either end, and a multimeter. The contents of the carts were equipped with standard mechanic tools so that they were readily accessible for students. Students were instructed that if they felt they needed another tool or an additional part they were able to request it from the lab proctors. Each student was instructed to follow the diagnostic process using the diagnostic tool that was provided to him. Students were allotted an hour to diagnose their engine's problem. Students were instructed to find a lab proctor once they felt they had found their engine's problem; if their decision was incorrect they were instructed to keep trying until the problem was found or until they ran out of time. Upon finding the problem or at the end of the allotted time, students were given a post survey ( fig. 5 ) similar to the pre-survey given a week before the lab sessions. Students were asked to indicate their perceived competency, learning style, and their perception of the diagnostic tool provided to them. Student performance in lab and responses give on the pre and post survey did not affect the student's grade and responses were kept anonymous. 
Results
Results were analyzed using JMP Pro ® version 10.0.0., 64-bit edition. To examine how the students' perception of their prior knowledge changed after completing the engine diagnostic lab activity, their responses from section I of the pre-survey and section I of the post-survey were averaged. Change in perception of prior knowledge was then calculated as the post-test average subtracted from the pre-test average, with positive values indicating an increase in perceived prior knowledge after completing the lab activity. Least squares means differences were calculated for each treatment, as seen in table 1. Results from table 1 showed that students who indicated their perceived prior knowledge increased after completing the lab experience were primarily those classified as low aptitude students. Because aptitude classification was based on pre-survey perceived prior knowledge, the results suggest that completion of the hands-on activity resulted in an increase in confidence among those students who initially perceived their prior
Post Lab Small Engine Diagnostics Survey
Name: ____________________________ Directions: During today's lab you used a tool to assist you in diagnosing a small engine that was not operable. I am interested in your reactions to this experience, especially how you feel about the diagnostic tool you used.
knowledge to be low and a general decrease in confidence among those students who initially perceived their prior knowledge to be high. If comparing change in perceived previous knowledge between low aptitude and high aptitude students, with disregard to treatment, the low aptitude students' change in perceived prior knowledge was significantly greater (mean change 1.15) than that of the high aptitude students (mean change -0.50). For the low aptitude students, this may be indicative that the hands-on activity increases student perception of their possessed knowledge. Change in perceived prior knowledge among low aptitude students who used the mobile app (Low-App treatment) was significantly greater than that of most other treatments with a value of 2.57. This may be an indication that the use of the app gave them greater confidence in working with small engine diagnostics, or that they knew more than they thought they knew.
When comparing the treatment, aptitude, and the combination of treatment and aptitude, it was found that aptitude was the only significant factor affecting students' change in perceived prior knowledge level from the pre-to post-survey; aptitude was the only variable reaching a P>0.05 level of significance as seen in Table 2 , where "Treatment" can be used synonymously with "Assigned Diagnostic Tool". While all students indicated hands-on learning styles, high aptitude students indicated a significantly higher rating for a hands-on learning preference in the pre-survey with a least squares mean of 9.4 compared to 8.1 for low aptitude students, on 10 point scales. All students indicated that they would learn in a systematic way regardless of their prior knowledge and experience, with no statistical difference in preference level between high and low aptitude students, at 8.4 and 7.0, respectively. Preferences for the digital media and the printed paper version of the app were roughly neutral prior to the study with no statistical differences between the high and low aptitude groups, with average responses of 5.9 and 5.0, respectively on a scale from zero for printed material to ten for digital media. These values were calculated as the average of the responses from section III of the pre-survey.
After the laboratory experience, post-survey results showed that students using the mobile or paper version indicated a significantly higher satisfaction with the assigned diagnostic tool as compared to those who used the user manual and Haynes troubleshooting guide. Satisfaction was calculated as the average response level of questions 1, 2, 3, and 5 from the post-survey. Students who were provided with the mobile app or the printed version of the app had a least squares mean value at least 5.9 times greater then those who had the user manual and Haynes troubleshooting guide as seen in table 3. Pre-survey responses to section III, or diagnostic preferences, were categorized into three preference groups based on their average response level in this section: printed material (0-4], neutral (4-6], and digital media (6) (7) (8) (9) (10) . Students who indicated on the pre-survey that they preferred printed media to digital media or those who were neutral, and who were provided with the mobile app as their diagnostic tool indicated the highest satisfaction levels with their assigned diagnostic tool in the post-survey with means of 8.80 and 8.93, respectively. Regardless of indicated pre-survey diagnostic tool preference, students who were assigned the user manual and Haynes troubleshooting guide statistically rated the lowest satisfaction with their assigned diagnostic tool. These results can be seen in table 4. Results in table 5 show diagnostic success, with a value of one indicating that the students successfully diagnosed the engine problem within the allotted time and a value of zero indicating that they did not successfully diagnose the engine problem within the allotted time. None of the students using the user manual and troubleshooting guide were able to successfully diagnose the engine problem. Students who used the mobile app or the printed version of the app were significantly more successful in diagnosing the engine problem as compared to students using the user manual and Haynes troubleshooting guide. There was no statistical difference in diagnostic success between users of the app and the printed app. High aptitude students were more successful in diagnosing the engine problem (0.5) than low aptitude students (0.28), although there was no statistical difference between these values. When comparing the treatment, aptitude, and the combination of treatment and aptitude, it was found that treatment, or assigned diagnostic tool, was the only significant factor affecting students' success in diagnosing the engine problem within the allotted time; treatment was the only variable reaching a P>0.05 level of significance as seen in Table 6 , where "Treatment" can be used synonymously with "Assigned Diagnostic Tool". 
Discussion
The mobile app proved to be a useful diagnostic tool for students enrolled in AGM 452. Using the app regardless of whether or not a student used the printed or digital version increased the student's perceived knowledge from the pre-survey to the post-survey more than any other group regardless of aptitude or diagnostic tool provided. The increase in students' perceived knowledge could be a result of the confidence gained using the app or an indication that the students underestimated their knowledge on the pre-survey. Students that filled out the comments portion of the post-survey reported a positive experience using the app; one student suggested a user manual to go along with the mobile app. An accompanying manual may work well for those who desire to have a tangible diagnostic tool that they can hold and read as they navigate through the mobile app. Students indicated a higher preference for the mobile app and the printed version of the app when asked if they would use the same diagnostic tool provided to them again or seek out an alternative diagnostic tool if diagnosing a small engine again.
High aptitude students with a greater pre-existing knowledge base and previous experience were more inclined to indicate that they were hands-on learners. However, low aptitude students significantly increased their perceived previous knowledge/experience, which may be indicative that hands-on activities increase the perception of possessed knowledge regardless of the learning style of the student. Few students were able to successfully diagnose the engine problem; however, all of the students who were successful in diagnosing the engine problem were using either the printout of the mobile app or the mobile app. Without a significant difference present among those who had the printout of the app and those who had the mobile app in successfully finding the engine problem, the process flow used by both the mobile app and the printout indicates that the process flow itself is effective. A study conducted by Oberg (2013) utilizing a self-paced mobile app on the Ipod Touch also found the process used in navigating a mobile app to be effective. Japanese engineering students (n=122) were divided into two groups to acquire skills in the English language.
One group was taught in a traditional setting as a group; the experimental group was given an Ipod Touch and utilized mobile apps to learn at their own pace. The group given the mobile apps performed better on the assessment of English and reported a higher satisfaction level indicating the effectiveness of the process of a mobile app and individual-driven and -centered learning.
More participants would be needed to determine if the method by which the process flow is delivered plays a role in determining the success of the user in diagnosing a small engine. Conducting the lab experience on a single day would be beneficial to avoid sharing of information, which was possible but not suspected in this study, and partitioning stations to avoid students being able to see what others are doing could also add strength to this study.
Conclusion
Living in a society that is increasingly becoming more technologically advanced, it is important to adapt to changes in education, communication, and incorporate technology used in everyday life to maintain the pace of a continuously evolving world. Students are becoming familiar with technology in the classroom early beginning in their elementary education. To meet the needs of these students once they reach secondary education or beyond, it is important to offer educational tools in variety of delivery formats. Mobile technology enables educators to target students already accustomed to mobile devices and learning while targeting multiple learning styles at the same time. Through technology, visual, auditory, and read/write learning styles can be targeted with rich graphics, auditory cues, and written text. The small engine mobile app is unique in its ability to target multiple learning styles in an interactive hands-on method. The small engine mobile app being readily available at no cost can serve as a powerful tool for secondary agricultural educators, agricultural educators in higher education, as well as the everyday backyard mechanic working on a small engine.
